
INHIBITOR OF CATECHOLAMINE-INDUCED FREE 
FATTY ACID MOBILIZATION FROM 

THE CALF MIDBRAIN 

CHARLOTTE R. HOLLI~TT 

Department of Pharmacolog!. Mcharrq Medical College. Nash\ ille. Tcnn. 3770X. U.S.A 

Abstract-A substance which inhibits free fdtt) acid (FFA) mobilization has been isolated 
from the calf midbrain. The inhibitor suppressed norepinephrine-induced FFA mobilization 
in adipose tissue slices. and the isolated fat cell preparation: theophylline-stimulated 
lipolysis in adipose tissue also was inhibited. Simultaneous infusion of norepinephrine and 
inhibitor in the dog suppressed FFA mobilization and the rise in blood pressure 
associated with norepinephrine. The inhibitor action on FFA mobilization and on blood 
pressure was reversible. A parallelism existed between the time of exposure to the inhibitor 
and the extent of inhibition. Addition of inhibitor at varying time intervals during 
norepinrphrinc induced FFA release revealed that inhibition could occur at an! time 
during the mobilization process. A procedure is presented for the purltication of the mid- 
brain inhihitor. Some properties of the purified preparation are discussed. 

INHIBITION and stimulation of lipid mobilization occur normally in the intact 
organism, and are influenced by hormonal, nutritional and neural mechanisms. 

Many agents inhibit catecholamine-induced lipolysis; Carlson’ reported the 
inhibition of NE-induced lipolysis* b y nicotinic acid, and Lipson and Naimi’ 
demonstrated the inhibition of NE-stimulated FFA mobilization in the dog by 
nicotinic acid and propanolol. Dole3 found that several nucleotides and nucleosides 
inhibited lipid mobilization. The prostaglandins are potent inhibitors of lipid 
mobilization. Prostaglandin E, was shown by Steinberg et 01.~ to inhibit NE-induced 

lipolysis in rim. and by Bergstrom c’t (II.’ to inhibit lipid mobilization ill riro. 

A number of ganglionic-blocking agents also inhibit lipid mobilization irl L.~w. 
but the effect varies with the drug and the species tested. 

An earlier publication from this laboratory ’ indicated that an extract of calf- 
midbrain contained an inhibitor of FFA mobilization. This paper presents some 
of the properties of the inhibitor and its action in a system irk vitro and in 
the intact animal. 

MATERIALS AND METHODS 

Preparatiorl of nzidhain rxtract 

Fresh calf midbrains (free of the pituitary gland and the pituitary stalk) were 
excized at the slaughterhouse and immediately placed in cold acetone+O.Ol M HCl 
(80:20. v/v). A 13 per cent homogenate of the tissue was made with the acetone- 
HCl mixture. and adjusted to pH 4.0. After standing at 4’ for 16-I 8 hr to precipitate 

* ,Abhreviations: NE. norepmephrme: FFA. free fatty acids 
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protein. the homogcnato was ccntrifugcd at iO.OOC) rev niin for 3) niin in an 
International Kcfrigcrated C‘cntrifugc. model B-X The clear supcrnatant \\a 
colloctcd and concentrated to dr)ncss on ;I rotary axporator at 30 The con- 

centrated material was shaken with 2 vol. of methanol until ;I homogcncous 
suspension was attained; glass beads wcrc used to aid mixing. The mixture M;I\ 

filtered lo remove salts and additional protein. Methanol was rcmoxd from the 
filtrate under WCU~I~. The dried extract KIS taken up in uatcr: it had ;I brownish- 
ycllo~ color. bsith a pH of 5.6 5.X. In a typical cxpcrimcnt. ;I batch of midbrains. 
ivcighing 17 lb. after processing. \*xs made 1113 in water to ;I linal ~c>luiii~~ 01‘ 

56 ml. 

SC$U/C\-. Scphadcs G-25 (Pharmacia Fine Chemicals. Inc.) LV:IS allo~v~d to \wcll 

with water vt 4 for 24 hr. A glass column, I.5 x 60 cm, was filled with water. and 
Scphadcx was added as a slurry and allowed to settle by gravity : cxccss Huid 

cscapcd through a stopcock at the bottom of the column. The packed column 
was ecluilihratcd with 0.006 M phosphate buffer. pH 74. Ten milliliters of the 
crude midbrain extract was placed on the column. allowed to pcnctrate the gel. and 
rinsed in with 3.0 ml of butTer: clution was Lvith 0.006 M phosphate bulfL‘~-. 
pH 7.3. Fifty 50-ml fractions were collcctcd using ;I Gilson Automatic Fraction 
(‘ollcctor. The cntiro proccdurc maq be carried out at room tcmperaturc: carlicr 
c\pci.inicnt5 \\crc conducted at 1 : li~~ucwr. no 10~5 ofacti\ it\ occuriul :I( lhc highci- 

tempcraturc. This proccdurc rcsol\,cd the extract into t\vo components: one inhibited. 
n,hilc the other promoted FFA mobilization in adipose tissue slices. Reccntl~. \\c 

have used \vatcr to equilibrate and to clute the column: thl: clution pattern an;i the 

activit>, wcrc unchanged. 
Initially. a sample (0.5 ml) of each fraction was tested for lipid mobili/:rtion 01 

for inhibition. but with increasing knowledge of the properties of the two compononta. 
the number of fractions tested has been reduced. The current procedure is to spot each 

sample on pH paper; the inhibitor is acid. pH I.0 2.5. and emerged from the column 
in fractions 12 20. These results arc rcproduciblc. and the elution pattern is 

consistent from batch to batch of the midbrain extract. 
DONYJ.\-- I. Further purification of the inhibitor was achicvcd by chromatc~gr~Il~l1~ 

on Dov,cx-I. used in the acctatc form and cquilibratcd with 0.1 M acetic ;tcid. 

Ten millilitcri; of Scphada inhibitor \I;IS placed on the column (65 x I.5 cm) ;111d 
de~clopcd succcssivclb with 0. I. I and 3 M acetic acid. Siat\,-live X)-ml fractions 

wcrc collcctcd with each solvent. The inhibitor emcrgcd from the column u ith 

0.1 M acetic acid. in fractions 43 57. Thereafter. col~~mns wcrc dc~clop~d onl! 

with 0.1 M acetic acid. Detection of the inhibitor i.4 possible without tlr~ing and 
testing all fractions. The Dowck-I inhibitor was found to absorb maximally at 
24X nm: thus. 3 sample from each tutu was spotted on liltcr paper-, hcatcd fol 
3 min at 100 and L iewed under ultraviolet light. Fractions shop ing ultra\ iolct 
absorption wcrc scanned using :I DB-G spcctrophotomctcr: those with maximal 
absorption at 24X nm bvcrc dried under xicuum. The dried inhibitor was \b hitc ;ind 
po\cdcr> : the cluatc from one column Uxb taken up in 2.0 ml of Mater. :2 fine M hitc 
prccipitatc \~;Is obtainccl after sc\er;tI hr at 4 : the pH of this fraction IL;L 3.35. 



Male Sprague-Dawley rats. weighing 200 250 g were used in all experiments. 
Epididymal fat pads were cxcircd under Nembutal anesthesia, rinsed in three 
chanpcs of saline at room tcmpcraturc. cut into small fragments and pooled. 
Samples were chosen at random, each piece was weighed (average weight 60 mg: 
range 50 70 mg). and placed in ;I IO.0 ml Erlenmeycr flask containing 

I.0 ml of an incubation mixture; unless atatcd otherwise. the composition was as 
follows: controls~~l.0 ml of 0.06 M phosphate buffer, pH 7.4; norepinephrinc-mm 
0.10 ml NE (0.3 jig) + 090 ml buffer: norepinephrine + inhibitor---O.10 ml NE 
(0.2 ~lg) + 0.10 ml inhibitor + 0.X0 ml buffer. Phosphate buffer was the carrier for 
NE and for the inhibitor. Incubation was at 37 in a Dubnotr water bath, with 
gentle agitation: the gas phase was 95”,, 0, and S’,, CO?; no change in pH was 

observed during the incubation period. After 30 min each tissue was removed. 
rinsed in saline and hlottcd dry with gaux: the FFA content was measured. The 
inhibitor used in these experiments was a Scphadex preparation. 

Arli~~ow ti.ss~w. The accumulation of FFA within adipose tissue pieces in response to 
NE was used as the mcasurc of lipid-mobilizing activity; the depression of NE- 

stimulated FFA release was the criterion for inhibition of lipid mobilization. 
I.so/ut&irt C,CJ//S. In sonic experiments. the isolated fat cell preparation was used. 

Fat cells were prepared and incubated according to the method of Rodbell.’ The FFA 

content of the medium was dctcrmincd at the end of a I-hr incubation period. 

Free fatt\ acids wcrc measured by the calorimetric method described by 
Duncombc.’ with a minor modification by Itaya and L’i.” Results for adipose tissue 
are expressed as qolcs of FFA produced by 100 mg adipose tissue in 30 min. 
and for isolated fat cells as /molts of FFA produced by I.0 ml fat cells in 60 min. 

I;/~/r~cv~t~/l U~I~I/ I,.\~.J. C‘. H. and N-determinations of the Do\\ cx- 1 preparation u cl-e 
performed by the Du-Good C’hcmical Laboratory. St. Louis. MO. 

RtSl’LTS 

kCjj+ct of’ irlhihitor 017 !~E-.sti/lllfl~ltc’c( lip0ljxi.s i/l adiposc~ tissw md t/w isolatc~rl jirt 

cdl /‘r.c,/‘clr.trtiorl. Lipolytic activity in adipose tissue pieces was increased four- 
fold in the presence of NE (Table 1); the stimulating action of NE was rcduccd 
63 per cent when the midbrain inhibitor was present in the medium. Lipolysis in 
the isolated fat cell preparation was increased 12-fold by NE; the action of NE 
was abolished by the addition of the inhibitor to the incubation system. 

&f&t q!’ incuhution tiw cw iuhihitor. trctim. These experiments were conducted 
to determine at what time during NE-stimulated lipolysis the inhibitor exerted its 
greatest effect. To this end. the inhibitor was added at varying time intervals after 
lipolysis with NE had been initiated in (a) adipose tissue, and (b) the isolated fat 
cell preparation. The inhibitor effect on thcophylline-stimulated lipolysis was studied 
under similar conditions using adipose tissue picccs. 
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FIG. I. Adipose tissue-effect of time on inhibitor action toward NE. Adipose tissue fragments \icrc 
placed in flasks: each contained 0.10 ml NE (0.2 119) and 0~80 ml of 005 M phosphate hulYcr. 
pH 74; 010 ml of inhibitor was added at intcrvais of 0. 3, 5. IO and 70 mm. i\.ith ;I total incubation 
time of 30 min. Twelve Rasks were prepared for each time interval: six flasks w.verc removed for FFA 
analysis at the time the inhibitor was added. i.e.. 12 flasks were incubated for 3 min. the inhibitor was 
added to six of these. and incubation was continued; the other six were removed for FFrZ deter- 
mination. Six flasks were incubated u-ithout inhibitor and contained 010 ml NE (0.2 pg) -t O&W ml 
hirifcr. ~mt1-0l~ (\i\l con;nintA 1-O ml IhiilTer. Liqxii: 0 0 no inhihitot-: the following rq~32111 
the iiitcrVals at \L ll1Ch the il~~~i~~lt~~r WiiS ;tddd: l 0. ii‘t-0 tn,,,. A A. 3 Illlti. * * 

C rnin: T x 10 mill: ;111ci 8 0. 20 mire. 



The inhibitor action on NE-induced lipolysis in adipose tissue is shown in Fig. 1. 
The inhibitor \vas added to the incubation system at 0-. 3-, 5-. lO- and 20-min 

intervals; total incubation time for all samples was 30 min. For example. when the 
inhibitor was added at zero time, it was present throughout the entire incubation 
period: addition at 3 min indicates that lipolqsis was in progress for 3 min. hence 

the inhibitor *as present for 27 min, and so on. 
Inhibition nas greatest when the inhibitor was present for the whole incubation 

period. As NE-induced lipolysis progressed. tissue FFA levels increased and were 
higher at the time of each inhibitor addition: rcgnrdlcss of the amount of FFA 
present. or 110~ Ion, ‘1 lipol\sis had been in progress. inhibition al\\a\s occurred. 

Similar results wcrc see17 when the inhilbitor was added at diff&nt time intervals 
during NE-induced lipolysis, using the isolated fat cell preparation. The pattern of 

inhibition was identical to that shobvn in Fig. 1. 
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FIG. 2. Adipose tissue-effect of time on inhibitor action toward theophylline. Time intervals and 
legends are identical to those described in Fig. I : the incubation system also was similar. except that 

thcophyllinc. 0.10 ml 15.0 x IO ’ M). rcplaccd NE. 

The inhibition of theophylline-stimulated lipolysis markedly resembled that seen 

with NE. The results are shown in Fig. 2. Again, regardless of the time of lipolysis, 
and the levels of FFA reached. inhibitor addition suppressed further FFA release. 

Another series of experiments was carried out to determine if tissue exposed to the 
inhibitor. then transferred to a medium containing NE, could still carry out FFA 
mobilization. The results are given in Table 2. 

Tissue incubated for 15 min with NE after transfer to inhibitor was capable 

of ;I reduced level of FF.4 mobilization. Tissues exposed to inhibitor were less 
responsive to the stimulating action of NE; a similar response was elicited in 
tissues transferred to NE after first being incubated with NE and inhibitor. 

St~Iies in vivo 

cfl>ct of‘ inhibitor OH NE-induced plasma FFA rnohilktion in the rat. A six- 
fold increase in plasma FFA was seen after intraperitoneal in,jection of NE 
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TAIIL~. 3. Etkl CT Ot IYHIIUTOII ON KA r PLASMA FRLI. FATTY ACIDS* 

Expcrimcntal Plasma 
conditions (qnoles FFA.ml) 

LCSS 

controls 
Tissue (~~rnolc~ Le5s 

FFA 100 mg 30 min) controls 

C’on~l-ols 
NF- 
NL + inhibitor 

0.13 * 0.05 (5rt 0.84 i 0.05 (5) 
0.77 * 0.06 (5) 0.64 1.35 f 0.45 (5) I .52 

0.52 f 0.06 (5) 0.39 I.14 + O.ZI (5) 0.30 

(0.2 mg) into the anesthetized rat. Administration of NE and inhibitor. simul- 
taneously, resulted in a 30 per cent decrease in plasma FFA. compared to NE 
alone (Table 3). Pieces of epididymal fat pads from the same animals were 
incubated for 30 min in phosphate buffer. Tissues from NE-treated animals 
accumulated three times as much FFA as control tissues, while adipose tissues from 
animals that had received NE plus inhibitor contained 80 per cent less FFA 
than the NE-treated group at the end of the incubation period. 

&kt of idChitor 011 N E-stirnulat~d FFA nwhilixtion und 011 hlooti p~mwr~~ in t/w 

t/o,q. Plasma FFA levels increased under the influence of NE, from 166 to 1 135 qoles 
FFA;I. within IO min after infusion with NE (Table 4); the high level was 
maintained throughout the 30-min period. Infusion with NE and inhibitor followed, 
and plasma FFA levels fell to that of the controls: this fall occurred despite the simul- 
tanoous infusion of NE. After return to NF! infusion. ;I marked elevation of plasma 

FFA occurred: an increase of 2.5-fold was evident at the first IO-min sampling. 
A moderate increase in blood pressure was observed during infusion with NE. 

from a control level of 13W60 mm Hg. Infusion with NE and inhibitor was begun 
after blood pressure had returned to control levels. During simultaneous infusion 
of NE and inhibitor, blood pressure varied little. and was maintained at 130 mm 
Hg throughout the infusion period. The return to NE infusion resulted in an increase 
in blood pressure to 150 mm Hg. only slightly below that seen with the initial NE 
administration. 

In Table 5, we have used the Sephadex fraction as our starting point; the crude 
midbrain extract contains both an activator and an inhibitor of FFA mobili/lation. 
Both fractions of inhibitor were prepared from the same midbrain extract; at the 
concentrations tested, the Scphadex fraction and the Dowex-1 fraction inhibited 
FFA mobiliration in adipose tissue by 94 and 66 per cent respectively. The degree 
ol’ purilic;ltion ol’ the Dowcx- I fraction is not known. since \+e arc uncertain of the 
nature of the inhibitor: however. the extent of purification may bc assessed from 
Table 6. where WC have given the protein nitrogen content of the three fractions of 



Experimental 
conditions 

Pre-saline infusion 
Post-saline infusion 

Norcpincphrinc infusion. 
IO min 
20 min 
30 min 

Inhibitor + norepincphrine infusion: 
IO min 
70 min 
30 min 

Norcpinephrinc infusion: 
IO min 
20 mm 
30 ruin 

IhO ItI-4 

I i(l oi 

I 50 IO0 

* Four mongrel male dogs were anesthetized \\lth Ncmbutal. Blood pressure and IzCG \4crc 
monitored throughout the experiments by an E & M Phqsiograph. model 4A. Infusions \verc given 
via the right femoral vein; blood samples were rcmo\.ed from a cannula m the left femoral arter!. 
Normal saline was infused for 10 min; blood samples were taken hcfore and after saline infusion. 
NE in saline was given as an infusion of 14 /rg,‘kg’mln for 30 min: blood \\.aa sampled at IO-min 
intervals. Infusion with inhibitor containing NE (I b’g kg min) \\as started after blood prcsaurc had 
rcturncd to normal. and continued fol- 30 min. \\ith hlooJ sampling at IO-min intct-\;\I\. The YF + 
inhlhltllt \\<I\ iil\c.i>ntlnucd. .lnci \I J$“” \\‘I\ liilLl\~il. IhliXKi ,\,I\ ,-~m,1\LYi .it lI1-I1111~ IIlt~~l\,ll\ 
for 3tl mm. Blood was placed in tubes containing hc’pat-m ab the ,tntlcougul,uit: the tulxh \+i‘rc 
stored in ice. and centrifuged at 10.000 re\vmin in 21 I-cfrigcl-ated centrifuge. Plasma (I.0 ml) \\;I\ 
u\cd for IT4 dc‘tcrminatlon. 

.:- s. Iz. .\I. 

the midbrain extract. The lo\\ protein content of the Scphadc\ fraction (1,6”,, 

of that of the crude extract) indicated that this step alone resulted in ;I m;~jo~ 
purification. The absence of protein from the Dowex-1 preparation suggested 
a high degree of purity. a view which was strengthened b!; the ease of cr!;stallization 
of this fraction. 

Elemental analysis of a sample of Dowex-I inhibitor gave the following 
composition: C, 31.645):); H. 4.42’:,; N. 20.66”,,; and ash. 2056’:,,. The high ash 
content made oxygen calculation by difference impossible; it suggested that the 
inhibitor may possess a heavy component such as a metal. 

Experimental 
conditions (pmoles FFA.‘lOO mg.30 min) 

Less Per cent 
controls inhibition 

Controls 0,37 
Norepinephrine 0.72 0.35 
NE + Sephadex inhibitor 0.35 0.02 94 
NE + Dowex-I inhibitor 049 0. I 2 66 

* Assay system for controls. NE and NE + Sephadex inhibitor is identical to that gi\cn undct- 
Methods; the Dowex-I incubation system contained 0.10 ml NE (0.2 /~gl + 0.10 ml Dowc\-I inhihitol- + 
0.80 ml phoyphatc buffc~-. The abo\ c figures rcpre\i’nt .I\ cl-:t$c \aluc\ for thl.cC c\pct-imaltr 
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* Protein nitrogen was dctermincd by the method of Lowry 
1’1 (II. ’ I’ 

DISCUSSION 

Inhibition of FFA mobilization may occur (a) by inactivation of a lipolytic enzyme 
in adipose tissue. or (b) by re-esterification of the FFA produced during lipolysis; 

cithcr would result in diminished FFA rclcase. 
The inhibitor described in this publication depressed NE-stimulated FFA 

mobilization in adipose tissue slices. and the isolated fat cell; the rise in plasma 

FFA levels associated with NE administration also was suppressed. 
That the decreased FFA release in adipose tissue was not an artifact was 

verified in the intact animal. In the rat, simultaneous injection of NE and inhibitor 

suppressed FFA mobilization. as reflected in the lowered plasma FFA levels. and 
the reduced ability of adipose tissue from NE plus inhibitor-treated animals to 
mobilize FFA in the incubation system. 

A fact brought out b! the dog e\perimcnts \\a4 the re\crsibilit> of the inhibitor 
action. Infusion of NE and inhibitor itbolishcd the FFA-mobilizing action of NE. 

as evidenced by the fall in plasma FFA levels. However, a return to NE infusion 
completely reversed the inhibitor action; plasma FFA were elevated to the level 
seen with the initial administration. 

The reversibility of the inhibitor action was not demonstrable in citro. FFA 

release in adipose tissue exposed to inhibitor or to inhibitor plus NE was not 
stimulated significantly when placed in a medium containing NE. Isolated pieces 
of adipose tissue may not possess a means to inactivate, or to rid itself of the 
inhibitor. 

A coincidental finding was the action on blood pressure. The rise in blood pressure 
seen \vith NE infusion was abolished when NE and inhibitor were administered 
together. Like the re\,crsal of FF.4 inhibition. the effect on blood pressure also 

\vas reversed capon return to NE infusion. This suggested either inactivation of the 
inhibitor. or that the inhibitor had occupied receptor sites from which it could 
be displaced easily by an excess of NE. An alternative explanation need not 

involve actual displacement of inhibitor from receptor sites. but simply the 
occupation of more sites by NE. thereby vitiating the action of the inhibitor. 

A parallelism existed between the time the inhibitor was present in the incubation 
medium and the extent of inhibition. In studies where lipolytic activity had pro- 
ceeded from 3 to 20 min before inhibitor addition, it was evident that the inhibitor 
could affect FFA release at any time. The pattern of inhibition was the same 
whether the FFA-mobilizing agent was NE or theophylline. FFA release did not 
cease entirely when the inhibitor was added. nor did it reach the level attained by 
tissues incubated without inhibitor. 
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The inhibitor may exert its action by competing with NE for rcccptor sites. 
Thus. if the lipolytic action of NE is mediated through the activation ol’ the 

membrane enzyme adenyl cyclasc.’ ’ a possible site of action of the midbrain inhibitor 
ma> be at the level of adenyl cyclasc. The action could be either inhibition of the 
ewymc. or merely occupation of the NE receptor site. 

Thcophylline inhibits the enzyme phosphodiestcrasc which degrades cyclic 3’.5’- 

AMP.” The stimulation of lipolysis by theophyllinc is believed to bc due to the 
accumulation of cyclic AMP. The suppression of theophylline-stimulated lipol>sis 1~) 
the midbrain inhibitor could be due either to inhibition of the alrcadq formed 
qclic AMP. or to its action on adcnql cyclasc. Stcinlwrg’~l and Stock\ c’r t/l.” I~;I\.c 
suggested that inhibition of thcophylline-stimulated lipol)sis by, prostaglandin F’., 
may be due to inhibition of the enzyme adenyl cyclase. rather than to an 
inhibitory action on the cyclic AMP already present. 

Expcrimcnts arc in progress to clucidatc the mechanism of action of the inhibitor. 
and to determine its effect on blood lipids. particularly triglycerides and cholcstcrol. 
Methods have been developed for further purification and characterization of the 

midbrain inhibitor. 

Y K. I ,,,,,A and M. L’I. J. k/k/ Kv\. 6. I6 (IYh5). 
IO. 0. H. Lo\\,<,. H. R. ROSI I~ROI (8~. A. I.. F~RII and R. .I. R,\z~I)\I I. ./. /JICI/. (‘helm. 193. 265 (IY5I I. 


